organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Ethyl 1 -sec-butyl-2-(4-f luorophenyl)-1 H- 
benzimidazole-5-carboxylate 

Natarajan Arumugam, 3 Nurziana Ngah, b Shafida Abd 
Hamid b and Aisyah Saad Abdul Rahim a * 

a School of Pharmaceutical Sciences, Universiti Sains Malaysia, 1 1 800 USM, Penang 
Malaysia, and b Kulliyyah of Science, International Islamic University Malaysia, 
Kuantan Campus, Jalan Istana, Bandar Indera Mahkota, 25200 Kuantan, Pahang, 
Malaysia 

Correspondence e-mail: aisyah@usm.my 

Received 4 October 201 1 ; accepted 1 0 October 201 1 

Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.003 A; 
R factor = 0.047; wR factor = 0.150; data-to-parameter ratio = 13.7. 



In the title compound, C20H21FN2O2, the benzene ring and the 
benzimidazole ring system are inclined at a dihedral angle of 
44.40 (9)°. In the crystal, molecules are linked by inter- 
molecular C— H- ■ O hydrogen bonds, forming a zigzag chain 
along the 6-axis direction. An intramolecular C— H- ■ -it 
interaction is also observed. 

Related literature 

For the synthesis of the title compound and related structures, 
see: Arumugam, Abd Hamid et al. (2010); Arumugam, Abdul 
Rahim, Osman, Hemamalini & Fun (2010); Arumugam, 
Abdul Rahim, Osman, Quah & Fun (2010). For applications of 
benzimidazole derivatives, see: Spasov et al. (1999); Easmon et 
al. (2001); Ozden et al. (2004). For bond-length data, see: Allen 
et al. (1987). 




Experimental 

Crystal data 

C2 0 H 21 FN 2 O 2 
M r = 340.39 
Monoclinic, P2 i /c 
a = 10.2249 (16) A 



b = 12.3767 (18) A 
c = 14.149 (2) A 
P = 93.473 (2)° 
V = 1787.3 (5) A 3 



Z = 4 

Mo Ka radiation 
/x = 0.09 mrrr 1 

Data collection 

Bruker APEXII DUO CCD 
dif fractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
Tna,, = 0.968, r max = 0.990 



Refinement 

R[F 2 > 2a(F 2 )} -- 
wR(F 2 ) = 0.150 
S = 1.05 
3130 reflections 



0.047 



T = 293 K 

0.37 x 0.20 x 0.11 mm 



10465 measured reflections 
3130 independent reflections 
2342 reflections with / > 2tr(/) 
R,„. = 0.027 



229 parameters 

H-atom parameters constrained 
Ap»ax = 0.21 e A~ 3 
Ap mi „ = -0.20 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the N1/C7/N2/C1/C6 ring. 



D-H-A 




D-H 


H-A 


D-A 


D-H-A 


C5-H5-01 1 




0.93 


2.53 


3.452 (3) 


169 


C20-H20C- ■ 


•Ol' 


0.% 


2.59 


3.485 (4) 


154 


C19-H19.4- ■ 


■Cgl 


0.96 


2.82 


3.400 (3) 


121 



Symmetry code: (i) — x -{- 1, y -f-|, — z + \. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

NA, ASAR and SAH acknowledge Universiti Sains 
Malaysia (USM) for funding the synthetic chemistry work 
under 304/PFARMASI/650544 and 304/PFARMASI/650512. 
NA also thanks Universiti Sains Malaysia for the award of a 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IS2787). 
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Ethyl l-sec-butyl-2-(4-fluorophenyl)-l//-benzimidazole-5-carboxylate 

N. Arumugam, N. Ngah, S. Abd Hamid and A. S. Abdul Rahim 

Comment 

The synthesis of benzimidazole heterocycles is ever fascinating since they promise a wide spectrum of pharmacological 
activities such as antibacterial (Ozden et ah, 2004), anticancer (Easmon et ah, 2001) and antifungal (Spasov et ah, 1999). 
As the benzimidazole derivative is of much importance, we have undertaken the X-ray crystal structure determination of 
the title compound. 

The title compound (Fig. 1) is similar to those previously reported ethyl- l-sec-butyl-2-(4-chlorophenyl)-l//-benzim- 
idazole-5-carboxylate (Arumugam, Abdul Rahim, Osman, Quah & Fun, 2010) except the fluorine atom is attached at the 
para position of the phenyl ring. The phenyl (C8/C9/C10/ C11/C12/C13) and benzimidazole (N1/N2/C1/C2/C3/C4/C5) 
fragments are essentially planar with maximum deviation is 0.005 (2)A for atom C2. Both fragments are inclined to each 
other by 44.40 (9)°. The bond lengths are in normal ranges (Allen et ah, 1987) and in agreement to those reported by 
Arumugam et ah (Arumugam, Abd Hamid et ah, 2010; Arumugam, Abdul Rahim, Osman, Hemamalini & Fun, 2010; 
Arumugam, Abdul Rahim, Osman, Quah & Fun, 2010). In the crystal structure (Fig. 2), the molecules are linked by inter- 
molecular C5 — H5 - 01 1 and C20 — H20O01 1 hydrogen bonds (symmetry codes as in Table 1) to form a zigzag chain 
along the b axis. The molecular structure is further stabilized by an intramolecular C — H— Cg\ (Table 1) interaction; Cgl 
is the centroid of the N1/C7/N2/C1/C6 ring. 

Experimental 

A solution of ethyl-3-amino-4-(5ec-butylamino) benzoate (1.0 mmol) and sodium bisulfite adduct of 4-fluorobenzaldehyde 
(3.5 mmol) in DMF was treated under microwave conditions at 130 °C for 2 minutes. The reaction mixture was diluted in 
EtOAc (20 ml) and washed with H2O (20 ml). The organic layer was collected and dried with Na2S04. The solvent was 
evaporated in vacuo to afford a crude product. Recrystallization of the crude product gave the title compound as colourless 
crystal. 

Refinement 

All H atoms were positioned geometrically and refined using a riding model, with C — H = 0.93-0.98 A, and with t/j S0 (H)= 
1.2 or 1.5C/ eq (C). The rotating group model was applied for methyl groups. 
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Figures 




Fig. 1. The molecular structure of the title compound, with the atom-numbering scheme and 
50% probability displacement ellipsoids for non-H atoms. 




Fig. 2. A molecular packing diagram of the title compound, viewed down the c axis. 



Ethyl 1 -sec-butyl-2-(4-fluorophenyl)-1 H-benzimidazole- 5-carboxylate 



Crystal data 
C 2 oH2iFN 2 0 2 
M,- = 340.39 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 10.2249 (16) A 
b= 12.3767 (18) A 
c = 14.149 (2) A 
(3 = 93.473 (2)° 

F= 1787.3 (5) A 3 
Z=4 



F(000) = 720 

D x = 1.265 MgnT 3 

Mo i&x radiation, X. = 0.71073 A 

Cell parameters from 2853 reflections 

6 = 2.0-25.0° 

li = 0.09 mnT 1 
7=293 K 
Block, colourless 
0.37 x 0.20 x 0.11 mm 



Data collection 

Bruker APEXII DUO CCD 
diflxactometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 83.66 pixels mm" 1 
(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 

r min = 0.968, 7 max = 0.990 

10465 measured reflections 



3130 independent reflections 

2342 reflections with / > 2a(I) 
R int = 0.027 

9max = 25.0°, 9 m j n = 2.0° 
/; = -12-^12 

£ = -14^14 

/= 16^16 



Refinement 



Refinement on F 



Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F 2 > 2c(F*)] = 0.047 

wR(F 2 ) = 0.150 

S = 1.05 

3130 reflections 
229 parameters 
0 restraints 



Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F„ 2 ) + (0.0825P) 2 + 0.313P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap max = 0.21 eA~ 3 
Apmin = -0.20 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement ofP 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 
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II- *ITJ 


Fl 


1.45030 (16) 


1.11874 (14) 


0.07109 (13) 


0.1053 (6) 


Ol 


0.49279 (17) 


0.52863 (13) 


0.17567 (13) 


0.0764 (5) 


02 


0.65827 (16) 


0.47066 (12) 


0.09413 (12) 


0.0696 (5) 


Nl 


0.89771 (15) 


0.92002 (12) 


0.18887 (11) 


0.0456 (4) 


N2 


0.98670 (15) 


0.78337 (12) 


0.10912(11) 


0.0468 (4) 


CI 


0.86373 (18) 


0.75303 (14) 


0.13674 (12) 


0.0421 (4) 


C2 


0.79676 (19) 


0.65643 (15) 


0.12078 (13) 


0.0458 (5) 


H2 


0.8334 


0.6006 


0.0872 


0.055* 


C3 


0.67392 (19) 


0.64541 (15) 


0.15618(13) 


0.0467 (5) 


C4 


0.6195 (2) 


0.73015 (17) 


0.20597 (15) 


0.0537 (5) 


H4 


0.5372 


0.7208 


0.2293 


0.064* 


C5 


0.68326 (19) 


0.82662 (17) 


0.22166 (15) 


0.0542 (5) 


H5 


0.6456 


0.8827 


0.2543 


0.065* 


C6 


0.80724 (18) 


0.83677 (15) 


0.18631 (13) 


0.0439 (5) 


C7 


1.00272 (18) 


0.88255 (15) 


0.14109 (12) 


0.0428 (4) 


C8 


1.11991 (18) 


0.94762 (15) 


0.12502 (13) 


0.0443 (5) 


C9 


1.1114(2) 


1.05455 (17) 


0.09460 (14) 


0.0557 (5) 


H9 


1.0297 


1.0875 


0.0865 


0.067* 


C10 


1.2223 (3) 


1.11195 (19) 


0.07637 (16) 


0.0658 (6) 


H10 


1.2166 
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0.0561 


0.079* 


Cll 


1.3408 (2) 
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0.0672 (6) 
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1.3540 (2) 


0.9576 (2) 


0.11717 (18) 


0.0697 (7) 
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1.4361 


0.9253 


0.1240 


0.084* 


C13 


1.2422 (2) 


0.90061 (18) 


0.13581 (16) 


0.0582 (6) 
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Atomic displacement parameters (A 2 ) 














U u 


U 22 


t/ 33 




U 12 


u 


U 


Fl 


0.0832 (11) 


0.1053 (12) 


0.1309 


(14) 


-0.0492 (9) 


n nao (\ n\ 
U.UJjZ 


n nnnn (\ n\ 
U.UUUV (1UJ 


Ol 


0.0610 (10) 


0.0656(11) 


0.1054 


(13) 


-0.0198 (8) 


U.UZM \y) 


n nn/i i (ci\ 
— U.UU43 \y) 


02 


0.0676 (10) 


0.0470 (9) 


0.0966 


(11) 


-0.0210(7) 


U.UZ4D \y) 


n m ^n (Q\ 
— U.U1 jU {<$) 


Nl 


0.0434 (9) 


0.0390 (9) 


0.0552 


(9) 


-0.0022 (7) 


n n 1 nn f~i\ 
U.U1UU {/) 


n nno/; /"7\ 
— U.UUoo (y) 


N2 


0.0453 (9) 


0.0410(9) 


0 0558 


(9) 


-0.0032 (7) 


U.U 1 JO yl ) 


U.UU43 ( /J 


CI 


0.0423 (10) 


0.0366 (10) 


0.0481 


(10) 


-0.0005 (8) 


n nnn^ fQ\ 

u.uuyj {<$ ) 


n nnn~7 fQ\ 
— U.UUU / {($) 


C2 


0.0474 (10) 


0.0364 (10) 


0.0545 


(11) 


0.0001 (8) 


n n i ")/: sq\ 
U.UIZo [y ) 


u.uuzy {&) 


C3 


0.0445 (10) 


0.0431 (11) 


0.0530 


(11) 


-0.0042 (8) 


n nn7i 
U.UU 12. y<S) 


U.UUZ4 {o J 


C4 


0.0403 (10) 


0.0556 (12) 


0.0666 


(12) 


-0.0026 (9) 


0.0145 (9) 


n nna a /^i n\ 
U.UU33 (1UJ 


C5 


0.0450 (11) 


0.0503 (12) 


0.0686 


(13) 


0.0014 (9) 


0.0146 (9) 


U.Ul 3 1 ^ 1UJ 


C6 


0.0419(10) 


0.0385 (10) 


0.0519 


(10) 


0.0004 (8) 


0.0072 (8) 


n nnan fo\ 

u.uuzy (oj 


C7 


0.0449 (10) 


0.0394 (10) 


0.0448 


(10) 


-0.0021 (8) 


0.0074 (8) 


n nn i z: /o^ 
U.UUlO {&) 


C8 


0.0459 (10) 


0.0433 (11) 


0.0446 


(9) 


-0.0058 (8) 


0.0095 (8) 


n nn/i i 
U.UU4J \o) 


C9 


0.0587 (13) 


0.0506 (12) 


0.0579 


(12) 


-0.0065 (10) 0.0043 (10) 


n nn/i /i /n\ 
U.UU44 (y j 


CIO 


0.0820 (17) 


0.0535 (13) 


0.0625 


(13) 


-0.0223 (12) 0.0088 (12) 


n nncn (\ n\ 

u.uuoy (,iuj 


Cll 


0.0623 (14) 


0.0713 (16) 


0.0702 


(14) 


-0.0285 (12) 0.0205 (11) 


n nn/in /i 
U.UU4U \ \-L) 


C12 


0.0474 (13) 


0.0732 (16) 


0.0897 


(17) 


-0.0075 (11) 0.0139 (11) 


n nn i 7 t\ 
-U.UU1 / (13) 


C13 


0.0524 (12) 


0.0505 (12) 


0.0731 


(14) 


-0.0045 (10) 0.0143 (10) 


0.0022 (10) 


C14 


0.0500 (12) 


0.0478 (12) 


0.0613 


(12) 


-0.0066 (9) 


0.0099(10) 


0.0027 (9) 


C15 


0.0873 (18) 


0.0516(14) 


0.1029 


(19) 


-0.0304 (13) 0.0256 (15) 


-0.0133(13) 


C16 


0.109(2) 


0.0612(16) 


0.123 (2) 


-0.0270 (16) 0.0293 (19) 


-0.0215 (16) 


C17 


0.0572 (13) 


0.0468 (12) 


0.0804 (15) 


-0.0078 (10) 0.0197 (11) 


-0.0239(11) 



sup-4 



supplementary materials 



C18 0.0765 (18) 0.095 (2) 0.0720 (16) -0.0237 (15) 0.0244(13) -0.0351 (14) 

C19 0.098 (2) 0.114 (2) 0.0592 (15) -0.0281 (19) 0.0050 (14) 0.0001 (15) 

C20 0.0765 (18) 0.0528 (15) 0.165 (3) 0.0089 (13) 0.0213 (18) -0.0266(16) 



Geometric parameters (A, °) 
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Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the N1/C7/N2/C1/C6 ring. 

D—H-A D — H H-A D-A D—H-A 

C5— H5-01' 0.93 2.53 3.452 (3) 169 

C20— H20C-Ol i 0.96 2.59 3.485 (4) 154 

C19— H19A-Cgl 0.96 2.82 3.400 (3) 121 

Symmetry codes: (i) -x+l, y+l/2, -z+1/2. 
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